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TECHNICAL NOTE
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membrane vesicles from the medullary thick ascending ioop
of Henle
AMEL ATFMANE-ELAKEB, REGINE CHAMBREY, MICHEL TSIMARATOS, FRANçOISE LEVIEL,
ANNE BLANCHARD, DAVID G. WARNOCK, MICHEL PAILLARD, and RENE-ALEXANDRE PODEVIN
Physiologie et Endocrinologie Cellulaire Rénale, Faculté de Médecine Broussa is-Hotel Dieu, and Institut National de Ia Sante et de la Recherche
Médicale U 356, Paris France, and Department of Medicine, Division of Nephrology, and Veterans Administration Medical Center, Binningham,
Alabama, USA
Transport processes in the medullary thick ascending limb of
Henle (MTAL) have previously been investigated predominantly
using tubule suspensions, perfusion of the loop of Henle in vivo,
or individual perfused tubules [1, 2]. One important approach to
investigate mechanisms of transport and luminal-basolateral sid-
edness of ion movement directly has been to isolate highly
purified vesicle preparations of both types of plasma membranes
of epithelia, such as the renal proximal tubule and the small
intestine [reviewed in 3—5]. Regarding the MTAL, however,
isolation of luminal (LMV) and basolateral (BLMV) plasma
membrane vesicles has posed considerable difficulties, and has
generally yielded mixed plasma membrane fractions consisting of
both LMV and BLMV [5]. It is also important to remember that
most vesicle studies aimed at characterizing transport processes in
the MTAL have been performed on plasma membrane vesicles
derived either from the entire outer medulla or from outer
medullary homogenates [5], and the results then extrapolated to
the MTAL. Clearly, for direct investigation into the basic mech-
anisms of transtubular solute transport in the MTAL, it would be
valuable to isolate both types of plasma membranes free of
contamination with intracellular as well as with plasma mem-
branes from other nephron segments.
In the present paper, we describe a new and simple approach
that allowed the simultaneous isolation of LMV and BLMV with
high yields from a single homogenate sample of purified isolated
rat MTALs. Because this is the first report of the isolation of both
types of MTAL plasma membrane vesicles, we wanted to examine
whether these membrane preparations may serve as a useful
model to characterize the transport properties of the two surfaces
of this nephron segment. This report describes our evidence for
the expression of different Na/H antiporters on the LMV and
BLMV isolated from rat MTAL.
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Methods
Rat MTAL tubules were prepared from the inner stripes of the
outer medulla according to the method of Trinh-Trang-Tan et al
[6] as modified by Kikeri et al [7]. Under a dissecting microscope,
the inner stripes of the outer medulla from the kidneys of ten male
rats (Sprague-Dawley) were carefully excised, and the resulting
tissue was subjected to collagenase digestion. Because only cells
from the cortical and medullary TAL synthesize Tamm-Horsfall
protein [8] we examined whether the tubules labeled with anti-
Tamm-Horsfall antibody by indirect immunofluorescence, as pre-
viously described [9]. Figure 1A shows a photomicrograph of
MTAL tubules, and Figure lB shows a fluorescent photomicro-
graph of the same tubules stained with fluorescein-labeled rabbit
anti-goat IgG. In two separate isolations, it was found that
virtually all the tubules (95 to 98%) stained with antibody. The
control experiments, in which normal goat serum was substituted
for goat anti-uromucoid serum, reveal no detectable staining (not
shown).
The cell fractionation scheme is outlined in Figure 2. All
operations were carried out at 0 to 4°C. MTAL tubules were
washed twice by centrifugation at 200 g for two minutes at 4°C in
a buffered sucrose medium consisting of (in mM): 250 sucrose, 1
DTT, 0.1 AEBSF, and 20 Tris/Hepes, pH 7.4. The tubules (15 to
25 mg of protein) were then suspended in 40 ml of the same buffer
and homogenized in a Dounce homogenizer (pestle A X 5)
followed by a one minute treatment at top speed in a Waring
Blender. CaCl2 was added to give a final concentration of 10 mM.
This mixture was continuously stirred for 20 minutes, and centri-
fuged at 6,000 g for 15 minutes in HB-4 Sorvall rotor to sediment
intracellular and basolateral membranes (P1). The resulting su-
pernatant S1 was centrifuged at 48,000 g for eight minutes in a
SS-34 Sorvall rotor to sediment residual Na,K-ATPase activity.
The supernatant S2 was centrifuged at 400,000 g for 60 minutes in
a 70.1 Ti rotor (Beckman) to sediment the final apical fraction.
The basolateral membrane fraction was isolated from P1. This
pellet was homogenized in 40 ml of the sucrose buffer supple-
mented with 3 ms't EGTA to remove excess-bound Ca2, and this
mixture was centrifuged at 3,300 g for 15 minutes to sediment
intracellular membranes. The supernatant S2 was centrifuged at
48,000 g for 25 minutes to yield P1. The pellet P1 was then
1051
•'-''.: S.!,
•4Y.
-
-I. '!- *
- 'a-
1052 .4ttmane-Elakeb et al: Polarized expression of Na /H exchangers
Fig. 1. Reactivity of MIAL tubules with anti-Tamm-Hor.sfall antibody. A. Representative phase-contrast photomierograph of MTAL tubules. B. Indirect
immunofluorescent niicrograph of field shown in A; tubules were stained using anti-Tamm-Horsfall antibody.
homogenized in 6 ml of the sucrose buffer in a Dounce homog- 44, 52, and 65% sucrose (wtlwt). Centrifugation was performed in
enizor (pestle B x 5), divided into two equal volumes that were a SW 40 rotor (Beckman) at 250,000g for 50 minutes. At the end
layered over two tubes with a discontinuous sucrose gradient using of the centrifugation, three visible hands were apparent. The
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Rat MTAL tubules
Homogenate
+ CaCI2 10mM
6,000g. 15 mm
Si
Fig. 2. Punfication scheme for luminal and basolateral membrane vesicles
from rat MTAL tubules. See text for details.
narrow band I (at the 8.5/44% interface) represented the baso-
lateral membrane fraction.
Na,K-ATPase was assayed by a radioisotopic method [10],
after detergent treatment to obtain optimal activity, as previously
described [11]. BAF-sensitive ATPase activity was used as a
measure of luminal H-ATPase as described [12], except that the
LMV were permeabilized with 0.5% octyl f3-d-glucopyranoside
for 15 minutes at 30°C. Activities of y-glutamyltransferase [13],
alkaline phosphatase [14], maltase [15], 3-N-acetylglucosamini-
dase [16], sulphatase C [17], and succinic dehydrogenase [18] were
assayed by standard methods. Protein determinations were by the
method of Bradford [19].
Na17H antiporter activity was assayed in both types of plasma
membrane vesicles by measurement of 22Na uptake by a rapid
filtration technique as described by Mahnensmith and Aronson
[201. Immunoblot analyses of the Na/H exchangers expressed
in LMV and BLMV were performed using polyclonal antibodies
to NHE-1 and NHE-3 isoforms of the Na/H exchanger. Rabbit
polyclonal antibodies to the NHE-3 isoform used herein were
previously characterized by Balkovetz et al and Azuma et a! [21,
22]. Polyclonal antibodies to the NHE-1 isoform of Na/H
exchanger [23] were kindly provided by Dr. S. Grinstein.
Materials
Carrier-free 22NaC1 was obtained from Amersham (Bucking-
hamshire, UK). BAF was a gift from Prof. K. Altendorf (Univer-
sitat Osnabruck, Germany). Goat anti-human uromucoid (Tamm-
Horsfall glycoprotein) serum was obtained from Cappel Organon
(Technika, West Chester, PA, USA). EIPA was obtained from
Molecular Probes (Eugene, OR, USA). All other reagents were
from Sigma Chemical (St. Louis, MO, USA).
Statistics
All data are given as the mean SEM. Statistical significance
was assessed by the Student's unpaired I-test. P < 0.05 was
considered statistically significant.
Results
Data on the specific activities and enrichment factors of the two
plasma membrane fractions are summarized in Table 1. In view of
the lack of an accepted marker of the apical membrane of the
MTAL [5], we determined the specific activities in both starting
homogenates and luminal fractions of maltase, y-glutamyltrans-
ferase, and alkaline phosphatase, typical enzyme markers of the
brush border membranes. We were unable to detect significant
activity of maltase in either the homogenates or LMV. In contrast,
y-glutamyltransferase and alkaline phosphatase were present in
rat MTAL homogenates, and were used in the present work as
markers of the apical membrane of the MTAL. As summarized in
Table 1, it is clear that the LMV were similarly enriched (by more
than 10-fold) for alkaline phosphatase and y-glutamyltransferase.
These fractions were de-enriched in BLMV as demonstrated by
the absence of enrichment (x 0.6) of Na,K-ATPase. Con-
versely, the BLMV were enriched by more than 9-fold in Na,K-
ATPase, whereas they were enriched by only factors 2 and 1.2 in
the luminal markers, y-glutamyltransferase and alkaline phos-
phatase, respectively. Table 1 also shows that both the apical and
basolateral membranes were either not contaminated or depuri-
fled to variable extents in enzyme markers for intracellular
membranes.
Data on the recovery of protein and enzyme markers in the two
types of plasma membrane fractions as well as in the combined
supernatants and pellets fractions are shown in Table 2. The
fractionation procedure allowed almost complete recovery of
protein (91%), and almost all of the enzyme markers in the
different fractions as compared with the starting homogenates.
High yields of LMV (24 and 22% for y-glutamyltransferase and
alkaline phosphatase, respectively) and BLMV (41% for Na,K-
ATPase) were obtained.
Representative electron micrograph of the LMV (Fig. 3A) at
60,000 magnification revealed that most (> 90%) of this fraction
was composed of nearly spherical vesicles with an averaged
diameter of 0.15 j.tm. Figure 3B shows that most of the basolateral
membrane pellet contained irregular shaped vesieles with an
averaged diameter of 0.4 m. There are numerous basolateral
membrane vesicles which showed evidence for discontinuities in
the limiting membrane, indicating that a significant percentage of
these vesicles were unsealed. The basolateral membrane vesicle
integrity and membrane sidedness were estimated by determina-
tion of Na,K-ATPase latency, as previously described [10].
From these data, it was estimated that only 34% of the vesicles
were sealed and that most of the vesicles (—95%) were oriented
right-side out (data not shown). Estimation of the luminal mem-
brane vesicle integrity and membrane sidedness were estimated by
determination of the BAF-sensitive ATPase latency. These stud-
ies revealed that most of the luminal vesicles (84.9 16.0%) were
sealed and oriented right-side out (data not shown).
The effects of pH gradients on I m Na ' uptake are illustrated
48,000 g, 8 mm
P2
S3
250,000 g, 50
P2'
48,000 g, 25 mm
1 Basolateral membrane
2
3
S3'
Apical membrane
Discontinuous sucrose gradient
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Table 1. Specific activities and enrichment factors of marker enzymes found in the tuminal and basolateral fractions from rat MTAL
Specific activities in Enrichment
Luminal
factors in
BasolateralLuminal Basolateral
Organelle Marker enzyme N Homogenate membrane membrane membrane membrane
Luminal membrane
Basolateral membrane
Alkaline phosphatase
y-Glutamyltransferase
Na,K-ATPase
6
4
6
40.5 4.9
683 61.3
878 50
414.4 74.5
7550 624
541 37
47.9 4.9
1382 170
8120 657
9.98 0.91
11.12 0.77
0.62 0.03
1.19 0.09
2.03 0.23
9.25 0.51
Endoplasmic reticulum Suiphatase C 4 0.42 0.04 0.16 0.017 0.42 0.09 0.40 0.06 1.02 0.25
Lysosome J3-N-acetylglucosaminidase 4 29.84 2.5 29.81 3.21 24.89 2.54 0.97 0.18 0.85 0.12
Mitochondria Succinic dehydrogenase 3 166.43 33.80 115.51 28.74 143.06 14.42 0.66 0.39 0.91 0.23
Values are means SEM. Specific activities are expressed as nmol/min/mg protein.
Number of experiments
Table 2. Recoveries for marker enzymes and protein in the different fractions obtained during isolation of luminal and basolateral membranes
from rat MTAL
N PelletsP2 + P2. + bands 2 and 3 SupernatantsS3 + S3
Luminal
membranes
Basolateral
membranes
Total
recovery
Alkaline phosphatase 6 34.91 1.69 23.70 1.34 21.91 1.44 4.88 0.89 85.37 7.28
y-Glutamyltransferase 4 37.09 2.73 6.64 2.69 24.08 2.01 6.53 1.28 74.16 2.22
Na,K-ATPase 6 50.61 4.66 5.41 1.31 1.36 0.11 41.74 4.18 99.10 7.20
Sulphatase C 4 80.77 10.60 12.93 3.04 0.87 0.18 3.85 1.02 96.74 13.73
13-N-acetylglucosaminidase 4 30.95 4.33 30.24 2.08 2.28 0.40 3.70 1.25 67.20 6.33
Succinic dehydrogenase 3 69.84 2.99 26.71 1.30 1.54 0.10 3.23 0.77 101.35 2.06
Protein 6 58.48 3.17 25.60 2.32 2.24 0.14 4.64 0.68 91.07 2.08
The values are given as percentage of the amount determined in the homogenate. Values are means SEM.
a Number of experiments
in Figure 4. The presence of outwardly directed H gradients
stimulated Na uptake in both types of plasma membrane
vesicles. EIPA inhibited pH-stimulated 22Na uptake in LMV and
BLMV by 80 and 90%, respectively. These results suggest that,
under our experimental conditions, 22Na uptake in both types of
vesicles was essentially mediated by Na/H exchange. We found,
however, that the 50% inhibitory concentration (K05) for EIPA
on the BLMV was sixfold lower than on the LMV (3.54 0.22 vs.
21.37 1.04 jxM; P < 0.05; data not shown). These K05 values are
in close agreement with those recently reported for EIPA inhibi-
tion of the basolateral and apical Na!H exchangers in the
isolated, perfused rat MTAL [24].
Recent microdissection studies from this laboratory have shown
NHE-1 and NHE-3 mRNAs expression in the rat MTAL, while
NHE-2 and NHE-4 mRNAs were not detected [25]. To determine
the plasma membrane localization of these isoforms, two different
polyclonal antibodies directed against either the NHE-1 or
NHE-3 isoform were used in Western blotting experiments
against BLMV and LMV, As shown in Figure 5, anti NHE-1
antibodies stained a diffuse band of 90 to 120 kDa in BLMV (lane
2). These antibodies also detected a 76 kDa protein. These two
bands were poorly detected in the LMV (lane 1). The smaller
molecular weight polypeptide has also been previously reported in
basolateral membrane enriched fraction from rabbit kidney cortex
probed with specific anti-NHE-1 antibodies [26]. Anti-NHE-3
antibodies stained a sharp band at 80 kDa in LMV (lane 3) that
was poorly detected in BLMV (lane 4). The observed molecular
weight of rat NHE-3 is in close agreement with the 80 kDa protein
reported by Biemesderfer et al [27] in brush border membrane
preparations from rabbit kidney cortex. Together, these data
suggest an asymmetric distribution of NHE-1 and NHE-3 iso-
forms of the rat MTAL Na/H exchangers; NHE-3 is expressed
on the apical domain while NHE-1 is exclusively present in the
basolateral membrane.
Discussion
The aim of the present study was to develop a procedure for
isolating simultaneously both sealed apical and basolateral mem-
branes from purified rat MTALs and to demonstrate the presence
of and characterize the Na/H antiporters on these vesicles. The
method described in this report permits for the first time the
isolation of purified luminal and basolateral membrane fractions
with high yields from a single homogenate sample of rat MTALs.
An important control in these experiments is the demonstration
that the overall recoveries of protein and marker enzymes are
essentially complete, indicating that the observed enrichment
factors could not have been due to artifactual activation or
inactivation of enzyme activities.
Thin section electron microscopy of the preparations reveals
that the LMV fraction contains essentially spherical vesicles, while
the BLMV consists of irregular shaped vesicles with occasional
membrane discontinuities. The latency studies suggest that most
of the LMV are sealed (-85%), whereas the percentage of sealed
vesicles averaged only —30% for the BLMV. The two plasma
membrane preparations described in this work appear to have
retained an almost exclusive (95 to 100%) right side out orienta-
tion, allowing transport studies on their asymmetric membrane
properties.
The results of our transport studies using isolated vesicles
provide direct evidence that Na/H exchange occurs across both
luminal and hasolateral membranes of the rat MTAL. EIPA, a
known Na /H exchange inhibitor, inhibited by 80 to 90% H
gradients stimulated Na influx, suggesting that Na uptake in
both types of vesicles is mediated virtually completely by Na/H
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Fig. 3. Electron micrographs of the isolated luminal (A) and basolateral (B) plasma membrane fractions from the rat MT.4L. Some vesicles showed
membrane discontinuities (arrows). Magnification )< 60,000.
C.)
E
(0
+(0z
(N
antiporters. Such a pattern is consistent with functional studies
demonstrating that luminal and basolateral Na/H antiporters
coexist in mouse and rat MTAL cells [2, 9].
Our Western blotting experiments against the two plasma
membrane fractions prepared from rat MTAL provide the first
evidence that NHE-1 and NHE-3 are localized to the BLMV and
the LMV, respectively. In the rabbit, immunocytochemical studies
have already established NHE-1 staining restricted to the baso-
lateral membrane of multiple nephron segments including the
MTAL [26]. Conversely, recent studies localized NHE-3 on the
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Fig. 4. Effects of pH gradients and EIPA on 1
mM 22Na uptake in LMJ/ (A) and BLMV (B)
isolated from rat MTALs. Both types of vesicles
were preloaded with a pH 6.0 medium
consisting of (in mM): 200, mannitol; 50, TMA/
nitrate; 3, EGTA; 50, Tris/Mes, pH 6.0. 22Na
uptake at 4 seconds was measured by
incubating the LMV or the BLMV in medium
containing (in mM): 200, mannitol; 50, TMA/
nitrate; 3, EGTA; 50, Tris/Hepes pT-I 8.0; in
absence (E) or presence of 500 jzM EJPA ().
22Na uptake (U) was measured by incubating
the plasma membrane vesicles in the pH 6.0
medium. Values are means of six
determinations from three different LMV and
BLMV preparations. Error bars represent SEM.
3 4 AEBSF, 4-(2-aminoethyl)-benzenesulfonyl fluoride; EIPA, 5-(N-ethyl-N-
isopropyl) amiloride; K{)5, 50% inhibitory concentration; NHE, Na7H
exchanger.
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Fig. 5. Immunoblot of rat renal NHE-1 and NHE-3 isoforms oft/ic Na /H
exchanger LMV (lanes 1 and 3) and BLMV (lanes 2 and 4) (30 j.rg/lane)
prepared from rat MTAL were separated on 7.5% SDS-PAGE and
transferred to a nitrocellulose sheet. The nitrocellulose strips were
incubated for two hours at room temperature with affinity purified
anti-NHE-1 (lanes 1 and 2) or NHE-3 (lanes 3 and 4) antibodies at a
dilution of 1:1000 or 1:500, respectively. Streeps were then washed three
times and incubated at room temperature with a goat anti-rabbit IgU-
HRP conjugate. Numbers on the left indicate molecular weight standards.
Blots are representative of experiments performed on four separate
membrane preparations.
apical membrane of the rabbit proximal tubule [271 as well as on
the apical membrane of the rat renal proximal tubule and thick
ascending limb [281, in agreement with our results.
In summary, we have demonstrated Na±/H* exchange activity
on both types of plasma membrane vesicles isolated simulta-
neously from rat MTALs. We also demonstrated that the NHE-3
isoform is localized to the LMV, whereas the NHE-1 isoform is
localized to the BLMV. Thus, plasma membrane vesicles from the
MTAL may serve as a useful model system to characterize directly
and separately the transporters present on the surfaces of this
nephron segment.
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